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ABSTRACT 
Many sports, such as golf, require unconventional head and eye positions. We asked: do 
various positions of the head, namely, tilt (golf putting posture) and head turn (looking 
over the shoulder) influence stereopsis? Methods: the Howard-Dolman device was used 
to quantify threshold binocular depth perception. Thirty subjects were asked to perform 
the stereopsis task in three different positions (primary position, head tum, and head tilt). 
Results: a significant change in stereopsis was found between the different head 
positions. An unexpected result was also found: experienced golfers show much 
improved stereopsis in the head tilt position compared with non-golfers. 
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INTRODUCTION 
The sensation of visual depth perception is built on both monocular and binocular cues. 
Monocular cues, such as size, linear perspective, and overlap function independently of 
stereopsis, or binocular depth perception. We used the Howard-Dolman (HD) apparatus 1 
to assess only binocular depth perception in three different conditions: primary position 
(straight ahead), head turn (over the shoulder) and head tilt (conventional golf putting 
posture). 
In 1919 Captain Harvey Howard tested binocular depth perception of aviators using a 
modified version of an apparatus devised by Brooksbank James2. Over the years, the 
device and method Howard developed have been modified, notably by Captain Percival 
Dolman.3 The device limits monocular cues of depth perception by ensuring equal 
shading and illumination, avoiding superimposition and parallax, and limiting size 
changes. The original device has been used in some shape or form to establish threshold 
binocular stereopsis in various clinical and experimental trials.4•5•6•7 Research indicates 
the original method and device that Howard used in 1919 is superior, albeit more time 
1 Howard HJ. A test for the judgement of distance. Transactions of the American 
Ophthalmological Society1919;17:195-235. Henceforth cited as Howard. 
2 Howard, 199. 
3 Larson WL. Does the Howard-Dolman really measure stereoacuity? Am J Optom & Physiol 
Optics 1985;62(11):763-7. Henceforth cited as Larson. 
4 Provines WF and B. Kislin. Visual performance through a sample windshield of the B-1 aircraft. 
Am J Optom & Physiol Optics 1975;52:51-57. 
5 Mendez MF and MM Cherrier. Depth perception in Alzheimer's disease. Perceptual and Motor 
Skills 1996;83:987-95. 
6 Saladin JJ and JO Rick. Effect of orthoptic procedures on stereoscopic acuities Am J Optom & 
Physiol Optics 1982;59(9):718-25 
7 Harwerth RS and SC Rawlings. Viewing time and stereoscopic threshold with random-dot 
stereograms Am J Optom & Physiol Optics 1977;54(7):452-7. 
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consuming, to the more recent modifications. 8 Our experiment uses the original 
apparatus, with slight changes to the methods used to determine stereoscopic threshold. 
Golf putting is a visually demanding task. In addition to assessing the terrain between the 
ball and the hole, the golfer must make a final depth perception judgement just before 
hitting the ball. Golfers typically maintain a putting position that involves a significant 
head tilt deviating from the horizontal plane. We asked: is stereopsis affected by head 
position? The advantage of superior depth perception in golf is clear: golfers must 
accurately judge the distance of the cup to estimate the required strength of their swing. 
Experienced and successful golfers are obviously able to make an accurate final depth 
judgement despite a head tilt. 
The effect of head position on stereopsis has not been very well studied. However, 
studies have found that stereopsis is affected by vertical phoria9 and cyclotorsion10, which 
are consequences of head tilt. As well, retinal disparity cues can be eliminated by simply 
placing the HD apparatus on its side. Likewise, it is reasonable that head tilt can reduce 
retinal disparity cues for vertically-oriented objects such as the pegs in the HD apparatus 
or a flag-pole from the cup on a golf course. Postural and vestibular cues may also affect 
stereopsis. Our study challenges the null hypothesis that stereopsis will not be 
significantly affected by head tilt. 
8 Larson, 765. 
9 Saladin JJ. Effects of heterophoria on stereopsis. Optometry and Vision Science 
1995;72(7):487-92. 
10 Adams AJ and JR Levine. Stereoscopic depth associated with cyclotorsional eye movements. 
British Journal ofPhysiological Optics 1967;24:217-20. 
3 
METHODS 
We tested the stereoacuities of thirty subjects at a typical golf putting distance using the 
HD apparatus (figure 1). This piece of equipment consists of two solid rods enclosed in a 
box with only a small window at the front that enables the viewer to see. The rod to the 
viewer's right is fixed at the zero position and the rod on the left slides along a mini ruler. 
The examiner slides the movable rod based on the viewer' s responses and compares the 
position of it to the fixed rod in order to determine the stereoacuity. 
a) Examiner's View b) Subject's View 
Figure 1- Howard Dolman Apparatus 
Our study's objective was to compare the stereoacuities of our subjects in three different 
head positions of gaze. The subject was first screened for various factors including equal 
and adequate best-corrected distance visual acuities (20/20), adequate near stereoacuity 
on the polarized Wirt circles (forty seconds of arc), and pupillary distance. Next, the 
subject was placed three meters away from the apparatus, which is a typical putting 
distance in golf. The subject was then told to assume one of the three following head 
postions: a) straight-on (primary gaze); b) head tilt (golf putting stance); c) head tum only 
(figure 2). The order of the three positions was randomly selected to eliminate the effects 
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of a learning curve associated with using the apparatus three times in a row. Next, the 
position of the HD apparatus and the subject were adjusted for alignment. The jack was 
adjusted vertically so that the viewer could not see the ruler or floor of the apparatus. For 
horizontal alignment, the subject was told to move their head left or right so that an equal 
amount of space was seen between the window opening and each rod of the instrument. 
a) Primary Gaze b) Head Tilt (Natural 
Putting Stance) 
Figure 2 - Tested Head Positions 
c) Head turn only 
To measure the stereoacuity, we used a flash presentation, moving the rod in sequential 
increments - a procedure outlined to us by Pacific University professors Alan Reichow, 
O.D. and Karl Citek, O.D. For each condition, four measurements were taken in random 
order: two measurements where the left rod was brought sequentially forward from the 
back, and two measurements where the left rod was brought sequentially backward from 
the front. The viewer was asked each time to compare the position of the left rod to the 
fixed right rod and was given the options of "front, equal to, or behind." The rods were 
presented for about two to three seconds each time and then a blank white card was used 
to cover the window. After the viewer gave a response, the movable peg was moved 
forward I backward in sequential one-centimeter increments in a continuous direction. 
For example, if the movable peg was started at 8.5 em behind the right peg, the viewer 
was presented the pegs and replied "behind"; the peg was then moved to 7.5 em behind 
and again presented; then to 6.5 em behind and so on. We would proceed with flash 
presentations until the viewer reported their first "in front of' response (e.g., 2.5 em in 
front of the fixed peg). The entire sequence was then randomly repeated three more 
times, one more time from the back moving forward, and two more times from the front 
moving backwards. The four-reading sequence was then repeated for the two remaining 
head gaze positions. From these values, an average stereoacuity for each position could 
be obtained as seen in the sample calculation: 
SAMPLE CALCULATION: 
PD=6cm First "in-front" response = 2.5cm in front 
300cm(fixed peg) - - --+.. 
297.5 cm("in-front") ---":1M-
Observer --------~ o~------------~ 
Observer PD=6cm 
Difference between angles A and B = 0.009625° 
tan A= 6/300 
A= 1.145763° 
tan B = 6/297.5 
B = 1.155388° 
(Just noticeable difference in depth perception between the pegs) 
Stereoacuity: 0.009625° X 3600" 
10 
34. 7" 
5 
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RESULTS 
The mean computed stereoacuities for the three head gaze positions of the thirty subjects 
were 1 7.1 '' (arc-seconds) for primary gaze, 31.1 '' for head tilt, and 18.7'' for head tum. 
Statistical testing indicates that a significant relationship (p < 0.05, t-test analysis) exists 
between the different head positions. Stereoacuity, or the just-noticeable difference in 
depth perception between the pegs with the smaller value corresponding to a finer acuity, 
is greatly reduced on head tilt and minimally on head tum. The standard deviation was 
also greater on head tilt (30.2") compared to the straight-on (7.70") and head tum 
positions (7.50") (Table n. The results ofthe t-test analyses also revealed a significant 
statistical difference (p <0.05) between 10 golfers and 20 non-golfers 11 with experienced 
golfers demonstrating greater stereoacuity in all head gaze positions. There was no 
significant gender difference (p > 0.05) between the 22 males and 8 females in the effects 
of head tilt on stereoacuity. There were no learning curve effects because trials in 
different head gaze positions were randomized. 
11 A golfer was defined as someone who indicated they had golfed twelve or more times in the past year. 
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Table I. Summary of Results 
Straight (1) Tilt (2) Tum (3) Stat. Significance 
Overall Average 17.06" 31 .09" 18.74" P=0.008 
Stand. Dev. 7.70" 30.19" 7.50" 
Golfer vs. Average 14.65" 18.04" 14.26" P=0.015 
Non-golfer 18.26" 37.61" 20.98" 
Malevs. Average 16.15" 24.40" 17.44" P=0.810 
Female 19.55" 27.45" 22.31" 
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DISCUSSION AND CONCLUSIONS 
The results ofthis study support our hypothesis that stereoacuity will be diminished with 
the natural head tilt used in golf-putting posture. It is presumed that head tilt causes 
misalignment of the two eyes along the horizontal plane (or causes a vertical 
misalignment) resulting in reduced binocularity. The effect was much less pronounced in 
the head turn position in which both eyes were aligned horizontally. This may be related 
to Panum's fusional area, which allows two misaligned points on the retina to be seen as 
one, being larger horizontally than vertically. In other words, two points that are 
misaligned horizontally are more easily fused than two points that are misaligned 
vertically as in the case of a head tilt. A reduced effective pupillary distance is also 
evident in typical golf-putting posture: the angle formed between the cup and the two 
eyes is more acute when the head is not turned fully toward the cup. Golfers wishing to 
improve their putting ability may try adopting a head tum position as an alternative to 
head tilt. 
The fact that experienced golfers achieved greater stereoacuity in all positions of gaze 
instigates further study into adaptive mechanisms such as ocular cyclorotation, stable 
fixation disparity, and distance cues in improving spatial alignment and depth perception. 
It is also likely that golfers have learned to compensate for diminished binocular 
stereoacuity by using monocular and experiential cues. 
To simplify our statistical analyses, the angle ofhead tilt was not specified for this study, 
and it is recognized that the degree of head tilt may have an effect on the amount of 
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stereoacuity that may be reduced. Gender had no observable effects on stereoacuity, 
suggesting binocular vision development and maintenance are comparable between males 
and females . 
It has been demonstrated that stereoacuity is decreased with head tilt, but whether or not 
it is related to golf-putting performance requires further study. 
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APPENDIX A: DATA 
Age Gender Golfer Golf Handed PD (em) Stereopsis Stereopsis Stereopsis Order of 
Freq. Straight ( 1) Head Tilt (2) Head Turn (3) presentation 
(seconds arc) (seconds arc) (seconds arc) 
24M y 1 Left 6 6.87276352 38 .1 819843 13.7972822 1,2,3 
26M y 1 Right 6.2 10.6289503 10.6230348 28.2196974 3,1,2 
24 F N 0 Right 6.3 18.1371637 21 .5052509 14.4324522 3,2,1 
26M y 12 Right 6.3 14.3783541 18.064669 17.9448078 2,3,1 
27M y 1 Right 6 27.4924274 17.279926 30.7403278 1,2,3 
24 F N 0 Right 6.8 15.5767517 50.2214249 32.8533495 2,3,1 
26M y 1 Right 6.3 21.5229265 25.227638 17.9928952 3,1,2 
24M y 20 Right 6.4 18.3023013 14.7223932 18.2293903 2,1,3 
33M y 100 Right 6.3 10.8483228 7.22211672 14.4805396 2,3,1 
28M y 12 Right 6.2 17.8554369 14.1444064 7.09574765 1,2,3 
23M y 12 Right 6.1 14.0448612 10.5100418 17.5735076 3,1 ,2 
35 F y 1 Right 6.1 10.5042215 10.4984013 24.7208274 3,1,2 
25M y 2 Right 6.2 17.7840909 21.3054625 17.73085 1,3,2 
47 F N 0 Right 6 10.6703602 35.9711511 24.9040957 1,2,3 
51 M N 0 Right 6.9 7.89607694 164.097428 7.902659 1,2,3 
23 F N 0 Right 6 27.1858533 20.5503868 24.131286 3,2,1 
26M y 1 Right 6.3 14.4264414 18.1802145 14.3843648 2,1 ,3 
24M N 0 Right 6.2 38.8509848 50.0426142 21.4783336 3,2, I 
25 F N 0 Right 5.7 22 .7452335 19.4532383 16.2370701 2,3,1 
25M N 0 Right 6.4 14.6124826 36.5336316 21.9131029 1,2,3 
24 F y 3 Right 6.1 38.1326673 44.5457295 27.7649178 2,1,3 
25M y 50 Right 6 17.1021002 37.4777235 20.5503868 3,1,2 
28M y 30 Right 6.4 14.6063766 10.9654073 14.6002706 2,3,1 
25M y 180 Right 6.2 14.2035628 7.10166318 10.6881068 1,2,3 
25M y 0.5 Right 6.4 14.6674379 86.7714356 36.6313367 3,1,2 
26M y 1 Right 6.5 18.6376199 29.5705419 11.1427839 1,2,3 
33 F N 0 Right 5.9 13.4605401 16.8172865 13.4661698 1,3,2 
24M y 15 Right 5.8 6.63831108 30.1002468 6.64384555 2,1,3 
23M y 40 Right 6.5 18.5139607 30.0428652 14.8343895 2,1,3 
25M y 3 Right 6.7 15.4118299 34.8289542 19.2105211 1,2,3 
Averages 17.0570137 31.0852423 18.7431772 
